Abstract. The development of control strategies for loiasis is of crucial importance in endemic areas and depends heavily on the accurate identification of occult-infected individuals. A polymerase chain reaction (PCR) and nested polymerase chain reaction (nested PCR) were developed and based on sequences of the repeat 3 region (15r3) of the gene encoding a Loa loa 15-kD protein. The assays was performed on 20 blood samples from occult-infected subjects and 30 from field-collected amicrofilaremic individuals. The size of the initial PCR product was 396 basepairs (bp). When this initial amplification using primers 15r3 1 and 15r3 2 was carried out for 30 cycles, the PCR products from three of the 20 occult-infected and five of the 30 amicrofilaremic individuals were visualized after electrophoresis by staining the gel with ethidium bromide. Subsequent Southern blotting and hybridization with the specific probe revealed hybridization in 19 of 20 occult-infected and 23 of 30 amicrofilaremic samples but only after two days of exposure of the blot to the x-ray film. When the nested PCR was carried out (product size ϭ 366 bp, primers 15r3 3 and 15r3 4 ), 19 of 20 occult-infected and 23 of 30 amicrofilaremic samples that were positive by Southern hybridization of the initial PCR products were strongly positive by staining with ethidium bromide. Qualitative Southern blotting of the nested PCR products using the same probe previously described confirmed the ethidium bromide staining results after a very short exposure time of 4 hr. These results demonstrate that the nested PCR amplification product is specific and that its sensitivity in detecting occult loiasis is 95%. This approach has significant promise for the screening of large human populations for active loiasis without the requirement for blotting and hybridization of the PCR products.
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The filarial parasite Loa loa is transmitted by Chrysops dimidiala and C. silacea (family Tabanidae). This parasite has been estimated to cause chronic infection in as many as 13 million people in west and central Africa. The major clinical presentations are calabar angioedema and pruritus, although the majority of individuals with heavy microfilarial loads are asymptomatic. In exceptional cases, serious sequelae such as endomyocardial fibrosis, renal complications, and encephalitis have been reported. 1 In an endemic area, two-thirds of the infected subjects do not have circulating microfilariae (occult loiasis). 2 Microscopy is universally used for both epidemiologic data collection and medical diagnosis of human loiasis, but this method is unable to detect occult infections. Various antibody-based assays have been used to measure host antibodies in L. loa-exposed or -infected individuals. However, the major limitation of serologic tests for filarial infections, such as loiasis, is their low specificity due to the cross-reactivity among filarial antigens. Furthermore, these antibody-based assays cannot always distinguish between past and current infections, nor can they be used to assess the efficacy of chemotherapeutic agents. 3 The repeat 3 region (15r3) of the gene coding for L. loa 15-kD protein has been described as being species-specific, and the use of this region in a polymerase chain reaction (PCR) and hybridization to detect occult loiasis has also been documented. 4, 5 In this paper, we report an improvement on the detection of this repeat 3 region from occult-infected patients by the use of a nested PCR, followed by electrophoresis and visualization with staining with ethidium bromide, thereby providing a faster way to accurate diagnosis by removing the necessity for Southern blotting, hybridization, and long exposure times.
MATERIALS AND METHODS
Blood sample collection. The study population consisted of 50 Gabonese individuals living in the province of HautOgooué in southeastern Gabon, where the filarial parasites L. loa and Mansonella perstans are endemic. 6 Twenty subjects were selected during the last two years because they presented to medically qualified personnel with an ocular passage of an adult L. loa worm, and subsequent examination of 2 ml of peripheral blood showed no L. loa microfilariae (occult infected). These patients were designated as occult-infected because they had no L. loa microfilariae detected by standard microscopic examination and were found to harbor L. loa adult worms as demonstrated by ocular passage. The remaining 30 blood samples for the study were collected from subjects in Okoumbi, Ndjokaye and Moyabi, which are villages situated within a 50-km radius of Franceville, the capital of Haut-Ogooué. These 30 subjects were followed for their amicrofilaremic status once a year for three years, during which time there was no history of ocular passage. Blood samples were collected by venipuncture into vacutainers containing EDTA, and transported on ice to the CIRMF where 100-l aliquots were frozen and stored at -80ЊC.
The study protocol was reviewed and approved by the CIRMF Ethical Committee for Human Medicine. Approval was obtained from the Gabonese Ministry of Public Health and Population.
Leukoconcentration. Duplicate 1-ml samples of each specimen were diluted in a 15-ml tube containing 9 ml of phosphate-buffered saline. The mixture was treated with 2% saponin at room temperature for 15 min to lyse the erythrocytes and then centrifuged at 1,000 ϫ g for 15 min at 4ЊC.
The supernatant was discarded and the pellet was examined microscopically for microfilariae.
Whole blood lysate processing. For each sample, 100 l of whole blood was mixed with 500 l of TE buffer (10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0) and centrifuged at 10,000 ϫ g for 2 min. The supernatant was discarded and the pellet was resuspended in TE buffer and centrifuged again. The pellet was resuspended in 500 l of red blood cell lysis buffer (RCLB; 10 mM Tris-HCl, pH 7.6, 5 mM MgCl 2 , 1 M sucrose, 1% Triton X-100) and centrifuged at 10,000 ϫ g for 2 min. The supernatant was discarded and the pellet was again resuspended in RCLB and centrifuged again. The pellet was then resuspended in 200 l of prewarmed (56ЊC) proteinase K buffer (20 mM Tris-HCl, pH 8.0, 50 mM KCl, 2.5 mM MgCl 2 , 0.5% Tween 20), plus 100 g/ml of proteinase K (Boehringer, Mannheim, Germany). Incubation at 56ЊC for 2 hr was followed by heating at 90ЊC for 10 min. In this state, the DNA can be stored at 4ЊC for several days or at -20ЊC until required.
Primers. The specific primers used were designed from the extreme 5' and 3' ends of the repeat 3 sequence of the gene encoding the L. loa 15-kD protein. The primers were synthesized at CIRMF and their sequences are as follows: initial primers; forward 15r3 1 (24-mer) 5'-AAT-CAG-GCA-AAT-AAT-GGC-ACA-AAA-3', reverse 15r3 2 (24-mer) 5'-GCG-TTT-TCT-TCT-CAC-CAG-CTG-TCT-3'; nested primers; forward 15r3 3 
The nine bases at the 5' end of primer 15r3 3 overlap with nine bases of the 3' end of primer 15r3 1 , and the nine bases at the 5' end of primer 15r3 4 overlap with nine bases of the 3' end of primer 15r3 2 .
We also synthesized a 27-mer oligonucleotide (5'-TCA-AGA-GCC-GAT-ATA-CTG-AAA-GCT-ATC-3') that corresponded to an internal sequence of the repeat 3 region (15r 3 ) for use as a hybridization probe.
Initial PCR. Two microliters of blood lysate were amplified using a Perkin-Elmer Cetus (Norwalk, CT) thermal cycler in a volume of 50 l containing one unit of Taq DNA polymerase (Amersham, Cleveland, OH) and PCR buffer as supplied by the manufacturer (Amersham) plus 200 M each of dATP, dCTP, dGTP, and dTTP and 1 M of each primer. Amplifications were carried out for 30 cycles at 94ЊC for 1 min (denaturation), 65ЊC for 1 min (annealing), and 72ЊC for 2 min (extension).
Nested PCR. One microliter of the first amplification product was used for the nested PCR. Amplifications were carried out as in the initial PCR, but for 25 cycles.
Analysis of PCR products. Ten microliters of each initial PCR product and 5 l of each nested PCR product were mixed with 1 l of loading dye (0.25% bromophenol blue, 0.25% xylene cyanol, 40% [w/v] sucrose in double-distilled water) and subjected to electrophoresis on a 1.5% agarose gel. The gel was stained with ethidium bromide and photographed under ultraviolet transillumination. The DNA was then transferred overnight onto a Zeta Probe membrane (Bio-Rad Laboratories, Hercules, CA). The oligonucleotide probe (15r3) was labeled with (␣ 32 P-dCTP (Amersham) using terminal deoxynucleotidyl transferase (Boehringer). Prehybridization and hybridization were carried out at 50ЊC for 1 hr and overnight, respectively, using a buffer containing 75 mM sodium citrate (SSC), 20 mM Na 2 HPO 4 , 7% sodium dodecyl sulfate (SDS); 10ϫ Denhardt's solution [5 g of Ficoll, 5 g of polyvinylpyrrolidone, and 5 g of bovine serum albumin in 500 ml of water], and 100 g of denatured salmon sperm DNA.
After hybridization, the membranes were washed once at 50ЊC for 30 min in 45 mM SSC; 10ϫ Denhardt's solution; 5% SDS, and 25 mM Na 2 HPO 4 , and once at 50ЊC for 30 min in 15 mM SSC, 1% SDS. Hybridizing bands were revealed by autoradiography with x-ray film (Eastman Kodak, Rochester, NY).
RESULTS
Standard microscopy examination. Among the 20 L. loa occult-infected individuals eight (40%) had M. perstans microfilariae ranging from eight to 1,300/ml of blood sample (Table 1 ). In contrast, 22 (73%) of the 30 L. loa amicrofilaremic individuals in the field were found to carry M. perstans microfilariae (2-2,720/ml) ( Table 2) .
Initial PCR. The size of the initial PCR product was 396 bp. When this initial amplification using primers 15r3 1 and 15r3 2 was carried out for 30 cycles, only three of the 20 occult-infected and five of 30 amicrofilaremic samples had PCR products that were visualized by staining the gels with ethidium bromide (Table 3) . When amplification was done for 40 cycles, seven of 20 occult-infected and nine of 30 samples were stained although the bands were very faint and showed multiple nonspecific bands. Regardless of the number of cycles in the PCR, subsequent Southern blotting and hybridization with the specific probe revealed hybridization in 19 (95%) of the 20 occult-infected and 23 of 30 amicrofilaremic samples but only after two days of exposure of the blot to the film. (Table 3) .
Nested PCR. When the nested PCR was carried out (product size ϭ 366 hp ; primers 15r3 3 and 15r3 4 ), the 19 of 20 occult-infected and 23 of 30 amicrofilaremic samples that were positive by Southern blot hybridization of the initial PCR products were strongly positive by staining with ethidium bromide ( Figure 1A ). Qualitative Southern blotting on these nested PCR products using the same probe as previously described confirmed the ethidium bromide staining results, after a short exposure time of 4 hr ( Figure 1B ). These results demonstrate that the nested PCR amplification product (a 366-bp region from L. loa DNA) is specific and that the sensitivity in detecting occult loiasis is 95%. Seven amicrofilaremic samples were negative in the nested PCR and in the hybridization in which five samples had M. perstans microfilariae ( Table 2) .
DISCUSSION
The Loa loa 15-kD protein is member of the nematode polyprotein allergen family. 7 In L. loa, this polyprotein is encoded by a gene that is 1,761 bp in length and contains five repeat regions. The repeat 3 region (396 bp) was chosen for construction of DNA probes because it was the least related to other polyprotein repeats. For example, the L. loa repeat 3 has only 34% amino acid identity with 15-kD repeats in Dirofilaria immitis and Brugia pahangi while the cloned L. loa repeats 1, 2, 4, and 5 have 52-83% amino acid identity when compared with repeats from these two filarial species. 8 Moreover, this repeat 3 region has been recently described to be specific for L. loa, and its usefulness in detecting occult loiasis by PCR and hybridization has also been documented. 4, 5 The purpose of this study was to develop a rapid and sensitive assay to detect this repeat 3 DNA fragment in the blood from amicrofilaremic individuals with occult infection of L. loa. In an endemic region of loiasis, the amicrofilaremic individuals are composed of two groups. The first group is subjects who harbor L. loa adult worms. The amicrofilaremic status of this group could be due to either nonfecund female adult worms that are not producing microfilariae or to destruction or even sequestration of microfilariae in tissues. In the absence of a specific marker for active loiasis and specific clinical signs such as ocular passage, it is impossible to verify that these individuals are truly infected. The second group of amicrofilaremic individuals is composed of residents of an endemic area without L. loa microfilariae and without any clinical signs suggesting loiasis. Individuals in this group are commonly designated as putatively resistant. The characterization of these two endemic groups is necessary for understanding the mechanisms of resistance to L. loa infection. During the last two years, we have found only 20 amicrofilaremic subjects with subconjunctival migration of L. loa adult worms. Blood samples were collected from these subjects and they were designated as occult-infected individuals because they represent amicrofilaremic cases in which there is parasitologic proof of occult infection. The remaining 30 blood samples in the study were collected from subjects who were followed-up for their amicrofilaremic status once a year for three years and without a history of ocular passage.
The sensitivity of this nested PCR method in identifying occult infection of L. loa was estimated to be approximately 95% since 19 of 20 occult-infected samples were positive after staining the gels with ethidium bromide. These data show that L. loa-specific circulating DNA is detected in these cases and that 23 of the 30 amicrofilaremic samples that were positive after staining with the gel with ethidium bromide after the nested PCR amplification had, in fact, an occult infection. These 23 amicrofilaremic samples were assumed to be harboring L. loa adult worms, although this was impossible to verify in the absence of ocular passage, which is not always found. The seven amicrofilaremic samples not stained by ethidium bromide and concomitantly negative by hybridization may represent the prevalence of resistance to L. loa infection in this particular endemic area, and may indicate the specificity of our oligonucleotides since five of seven amicrofilaremic samples were found to carry M. perstans microfilariae ( Table 2 ). The possibility of detecting circulating DNA released from dead filariae with the PCR assay has been previously suggested for lymphatic filariasis Brugia malayi. 9 Zimmerman and others have also reported onchocerciasis PCR assay positivity in skin snip lysates judged to be microfilariae negative by standard microscopy. 10 Further observation of the autoradiographs indicated that the intensity of some bands varied. The same results have also been observed with L. loa microfilaremic samples, and we have reported that this intensity varies with the number of microfilariae. 5 Assuming that the efficiency of amplification was within the same order of magnitude for each sample and that hybridization was uniform across the membrane, this variation could be due to the parasite loads in the blood samples tested. This intensity could be quantified by ELISA-PCR or by branched DNA hybridization 11 assays and used to estimate the parasite load by comparison with microfilaremic control samples. Previous studies on the diagnosis of loiasis using DNA probes did not detect occult infection; therefore, investigations have focused on screening microfilaremic samples. 12 We have previously reported the specificity of the 15r3 PCR assay for L. loa and its usefulness in detecting occult loiasis. 4, 5 In this report, we describe an improvement in the detection of this repeat 3 region from occult-infected patients by the use of a nested PCR, followed by staining with ethidium bromide. The inclusion of an additional PCR amplification step (nested PCR) results in a rapid and highly sensitive method of detection while at the same time removing the requirement for the time-consuming procedure involving Southern blotting, hybridization, and long exposure of autoradiographs.
This 15r3 nested PCR assay will be more useful in estimating the prevalence of loiasis than those previously described using standard microscopy and for evaluating chemotherapeutic agents in mandrill (Mandrillus sphinx) models of human loiasis. It may also be used to characterize endemic groups of loiasis (microfilaremic individuals, occult-infected subjects, and putative resistant individuals). The characterization of individuals putatively resistant to L. loa may be exploited for further immununologic studies because it is currently still not clear whether the amicrofilaremic status commonly observed in an endemic area is due to acquired resistance against infective larvae, clearance of microfilariae, or concomitant immunity.
As explained above, occult infection is characterized by the absence of microfilariae in the peripheral blood and clas- 14) had no bands. The film was developed after an exposure of 4 hr. sic microscopy will not reveal the presence of infection. This occult infection in asymptomatic subjects constitutes a reservoir of infection that remains undetected and therefore untreated. Circulating L. loa DNA is released most probably by dead filariae (microfilariae and adult worms) rather than by viable adult worms. Thus, the exquisite sensitivity of the nested PCR technique that we have described in this report will facilitate the detection of occult infections due to sequestered microfilariae and will ensure that PCR-positive occult cases will be treated. Although the policy to treat such cases might not have a great impact on the health of the individual subject per se, it will nevertheless result in a significant reduction in the community filarial load. This reduction in the reservoir of infection will definitely have an impact on public health since transmission in the area would be reduced if not greatly curtailed.
In summary, we have designed specific oligonucleotides and developed a nested PCR assay to detect L. loa infection. This study has demonstrated the specificity of the nested PCR amplification products and the usefulness of the assay in detecting L. loa-specific DNA in the whole blood of occult-infected subjects without the requirement for blotting and hybridization of the PCR products. This approach has significant promise for the screening of large human populations for active loiasis.
